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PaccmoTpeHo npuMeHeHre THHOBAITMOHHOW TEXHOJIOTHH MTPH KOHTPOJIE MOJIOYHOH MPOAYKTHBHO-
CTH KOPOB Ha MPUMEPE XOIMOTOPCKOi 1mopoibl. Llenb nccienoBanust — OLEHUTh KaueCTBO MOJIOKA 110
MacCOBOH J10Jie KUpa U OeJIKa Py MPUMEHEHUN YCOBEPIIICHCTBOBAHHOMN TEXHOJIOTUH aBTOMAaTH3AIHH
KOHTPOJILHOTO JIOCHUSI KOPOB XOJIIMOTOPCKOH TOpoJibl. Mcrmonb30BaHHbIE METO/IBI OTOOpa Mpod Mo-
JI0OKa ¥ 000pyIOBaHUE ISl €T0 aHAIM3a CePTUPHUITMPOBAHEI IT0 MEeXKIyHapoaHbIM cTangapTaM ICAR
(International Committee for Animal Recording). YcranoBmeHo, 4TO HEMPOTIOPIIMOHAIEHO OTOOPaH-
HbIE W3 TIOPIMI BCEX JIO€K B TEUEHHUE CYTOK (KOHTPOJBHOE IOCHHE) CPeIHHE MPOOBI MOJIOKA OKa-
3BIBAIOT BJIMSIHME HA BEIIMYMHY MACCOBOM JOJIM JKMpa M OejKa, 3aBbIllasi WM 3aHWKAs UCTUHHBIC
pe3yabraThl. AHAIKM3 MPOO OT KaXKJIOTo ceaHca JA0CHUs (TP MPOObI — IPH TPEXKPATHOM, JIBE — MPHU
JABYKPAaTHOM )Z[OCHI/II/I) IMPOBCICH C HUCIIOJIb30BAHUECM 3J'IeKTpOHHOI7[ 0a3pl KOJIMYECTBEHHBIX M Kade-
CTBEHHBIX ITOKa3aTeJeil MOJIOKa, KOTOpasi CO3/IaeTCsl ISl Tepexoa Ha MEKIyHapOAHbIe CTaHAapTHI
ICAR Apxanrenbckoit oonactu. MccnemnoBanus mokasaiy, 4TO YCOBEPIICHCTBOBAaHHAS TEXHOJIOTHUS
orOopa mpo0 1 UHHOBAIUH B OIPE/ISIICHUN 3HAUYSHUH IMOKa3aTeNel TOBHIIAI0T TOYHOCTbD, TOCTOBEP-
HOCTh JIaHHBIX W MPOTHO33a MOJIOYHOW MPOIYKTUBHOCTH KOPOB. JlOCTYIMHOCTH ISl 3aKa34HMKa DJICK-
TPOHHOI 0a3bI Pe3yJILTATOB JeacT padoTy onepaTHBHOM. MCronp30BaHne HHHOBAIMOHHBIX TEXHOJIO-
Ui UMEET 60HBHIOI71 MOTCHIMAJT I YITYyYIICHUA IPOU3BOJAUTCIIbHOCTH, YBEJINYCHUA 3(1)(1)CKTI/IBHOCTI/I
WCIIOJIb30BAHMS PECYPCOB M TIOBBIIICHHUS Ka9€CTBAa MOJIOKA, YTO 00ECTIEYMBAET MPOJOBOIHECTBEHHYIO
0€3011acHOCTh U CTIOCOOCTBYET MOBBIMIEHUIO YCTOWYHBOCTH CEITHCKOTO XO3SCTBA.

KuaroueBbie cji0Ba: KOHTPOJIBHOE JOCHUE, CEAHC JTOSHUS, CIIOCc00 0TOOpa Mpod MOIIOKa, aBTOMATH-
3upoBaHHas cucrema, ctannaptel ICAR, kauecTBO CHIPOro KOPOBLETO MOJIOKA, XOJIMOTOPCKast IOPoa
KOpPOB

Innovative technologies in the organization of livestock production
control

C<)Dydykina A.L., Nakonechny A.A., Vyazminov A.O.
Arkhangelsk Research Institute of Agriculture — Primorsky branch of the N. Laverov Federal Center
for Integrated Arctic Research of the Ural Branch of the Russian Academy of Sciences

Lugovoi, Arkhangelsk region, Russia
(<De-mail: didikinal 00@yandex.ru

The application of innovative technology in the control of milk productivity of cows on the
example of the Kholmogor breed is considered. The purpose of the research is to evaluate the qual-
ity of milk by mass fraction of fat and protein at application of the improved technology of control
milking automation of the Kholmogor cows. The used methods of milk sampling and equipment for
its analysis are certified according to ICAR (International Committee for Animal Recording) inter-
national standards. Average milk samples taken disproportionately from all milking portions during
the day (control milking) were found to affect the mass fraction of fat and protein by overestimating
or underestimating the true results. Analysis of the samples from each milking session (three sam-
ples — at threefold milking, two — at twofold milking) was carried out using the electronic database of
quantitative and qualitative indicators of milk, which is being created for the transition to the inter-
national ICAR standards of the Arkhangelsk region. The studies have shown that improved sampling
technology and innovations in determining indicator values increase the accuracy, reliability of data
and prediction of cow milk productivity. The availability to the customer of an electronic database of
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results makes the work operational. The use of innovative technologies has great potential to improve
productivity, increase resource efficiency and improve milk quality, thereby ensuring food security

and contributing to agricultural sustainability.

Keywords: control milking, milking session, method of milk sampling, automated system, I[CAR
standards, quality of raw cow's milk, Kholmogor breed of cows
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INTRODUCTION

Introduction of innovative technologies in
agriculture can increase production efficiency,
reduce production time and improve the quality
of products, as well as increase their competi-
tiveness [1-4].

According to Rosstat, Russia produced 5.7
million tons of milk in 2022, which is 2.4%
higher than in 2021. Among agricultural pro-
ducers of the Arkhangelsk region there is also
a tendency to increase milk productivity of
cattle. Especially it can be traced in livestock
breeding farms. There is also an increase in cow
productivity in the agricultural organizations
of the region by 6.6% over the ten-year peri-
od. Milk yield per cow amounted to 8505 kg.
The total number of cattle in the farms of the
Arkhangelsk region of all categories amounted
to 39 600, including 18 400 cows. The cows of
the Kholmogor cattle breed with 0% blood of

improving (Holstein) breed in their genotype
are considered as gene pool cows, and the ani-
mals with no more than 75% of Holstein blood
in their genotype are considered as pedigree
cows. The farms with predominance of such an-
imals have the status of breeding the gene pool
(Kholmogor) breed. The farms with commercial
herds, where the bloodline of pedigree animals
is more than 76% on the Holstein breed, acquire
the status of breeding Holstein breed of cattle!-2.

In modern conditions of breeding work with
dairy cattle breeds, it is extremely important to
have highly reliable indicators of primary breed-
ing records, and the recognition of domestic
breeding products (in this case, the Kholmogor
breed) in the international market will make it
possible to sell them not only in Russia, but also
abroad [5-7]. In this regard, in our country there
is a need to create such a system of breeding
animal registration, which would provide reli-

'FSIAS PR (Federal State Information and Analytical System of Pedigree Resources). URL: https://www.tadviser.ru/index.php/
Product: FSIAS PR (Federal _state information-analytical system of pedigree resources) (accessed on 15.03.2024).

*Methodical recommendations on conducting breed inventory of breeding stock of dairy production cattle. URL: https://mcx.
gov.ru/upload/iblock/b07/b07ebe9f3a0722£fc93b950302c0ec96.pdf (accessed on 15.03.2024).
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able identification and registration of breeding
value both for on-farm use and for the purposes
of international breeding cooperation. To solve
this problem, it is necessary to use modern tech-
nology of herd record keeping and registration,
based on a set of methods, including automated
and software tools® [8—10].

At the moment in Russia there are two or-
ders of the Ministry of Agriculture of Russia:
No. 25 of February 1, 2011 (registration rules)
and No. 379 of October 28, 2010 (conducting
valuation), which regulate the organization of
registration of quantitative and qualitative char-
acteristics of milk from the controlled herd of
cows, but there is no clear methodology for the
formation of a daily milk sample for physical
and chemical analysis.

Since 1984 ICAR (International Committee
for Animal Recording) has been developing
rules, standards and recommendations for test-
ing, approval and periodic inspection of milk
recording devices. Recommendations have also
been developed concerning methods for deter-
mining fat, protein, lactose, urea and somatic
cell counts in each milk sample individually
from each animal.

Milk recording and quality control methods
should be internationally standardized reference
methods (e.g. ISO, IDF, AOAC methods). Only
devices that comply with ISO 3918 standards
are acceptable for milk recording purposes.

Milk collected from each animal during con-
trol milking using devices that meet the above
requirements must be tested by the appropriate
laboratories. As of March 2017, ICAR offers the
option to certify milk analyzers in accordance
with the ICAR “Milk Analyzer Evaluation Pro-
tocol” developed and approved by the ICAR
Milk Analysis Subcommittee®.

The use of milk metering and selection de-
vices, as well as extended analysis of milk qual-
ity by many parameters using high-precision
equipment certified by ICAR, has begun to be

applied in farms of the Arkhangelsk region en-
gaged in cattle breeding since 2017. The initiator
of the implementation of these innovative tech-
nologies is the Primorsky branch of the Federal
Research Center for Integrated Arctic Research
of the Ural Branch of the Russian Academy of
Sciences — Arkhangelsk Research Institute of
Agriculture (ArkhNIISKh). The laboratory for
selection control of milk quality, established on
the basis of the Institute, with certified equip-
ment for advanced milk analysis by Bently,
provides an opportunity for milk producing en-
terprises to obtain accurate data on its compo-
sition. The laboratory periodically verifies the
accuracy of the instruments through individual
external inspection and by comparing routine
analysis methods with reference samples sup-
plied by equipment manufacturers.

In modern conditions, the introduction of
innovative technologies in agriculture is close-
ly related to digitalization, which has become
widespread in the Russian Federation. The re-
alization of the project “Digital Agriculture” in
Russia is one of the most promising economic
directions with the use of new technologies and
intelligent solutions. This project includes the
introduction of innovative solutions and the de-
velopment of the platforms that will help agri-
cultural producers to improve the management
of their resources and make better decisions
based on promptly obtained accurate data’. In
particular, it concerns the system of feeding ra-
tions, control over the quality characteristics of
milk. Currently, agricultural producers have ac-
cess to their animals through special platforms,
where they can get preliminary information
about the quality of their products, general state
of animal health, productivity, etc.

The purpose of the research is to improve
the technological process of selection control of
milk quality for a more accurate assessment of
the breeding value of animals.

*Trukhachev V.I., Atanov I.V., Kapustin LV,, Gritsai D.I. Digital technologies, automated systems and robots in animal husbandry //
Textbook, 2nd edition. St. Petersburg, Publishing House “Lan”, 2023, 104 p.

“The global standard for livestock data. URL: https://www.icar.org/ (accessed on 16.03.2024).
SDepartmental project “Digital Agriculture”. URL: https://mcx.gov.ru/upload/iblock/900/900863fac06c026826a9¢e43¢124d058.

pdf (accessed on 10.03.2024).
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In order to achieve the goal, the following
tasks have been set:

— analyze milk productivity of the Kholmog-
or cows at 2-, 3- and 4-fold milking with milk
sampling from each milking session in a sepa-
rate test container;

— determine the values of milk quality param-
eters from each milking session on the Bentley
Instruments DairySpec Combi analytical sys-
tem;

— perform comparative analysis of the results
of control milkings.

The novelty of the research consisted in the
proposal of a sampling method certified accord-
ing to ICAR requirements, based on the analy-
sis of qualitative indicators of milk from each
milking session during control milkings, to
obtain reliable selection indicators taking into
account the characteristics of the Kholmogor
breed cows.

MATERIAL AND METHODS

The studies were conducted in the Arkhan-
gelsk region in the conditions of year-round tie-
up housing of cows of the Kholmogor breed, re-
ceiving portion feeding at 2-, 3-, 4-days milking.

Milk productivity of cows was counted
according to the results of control milkings.
During the record day at each milking session
individual accounting of quantitative and qual-
itative milk parameters was provided: mass
fraction of fat (MFF, %) and mass fraction of
protein (MFP, %). Individual meters of Tru-
Test company (New Zealand) were used, which
were equipped with a measuring cup, providing
individual milk recording for one milking ses-
sion up to 33 kg. The system of milk sampling
is certified by ICAR, which allows obtaining
internationally recognized results in breeding
farms. Further, individual control milk samples
were taken from each milking session in a spe-
cial test container with a certified preservative

in the amount of 40 ml for laboratory tests on
milk quality parameters in the controlled ani-
mals.

Bentley Instruments' Bentley DairySpec
Combi 150 model combined analytical system
was used for selective milk quality control,
which has ICAR certification according to ISO/
IDR standards.

The permissible threshold of reliability of
the results of each control milking on the con-
tent of fat and protein in milk was determined
on the basis of establishing standard deviations
of record indicators. The composition and phys-
icochemical properties of milk were studied in
accordance with the requirements of the Tech-
nical Regulations of the Customs Union “On
the safety of milk and dairy products” (TR CU
033/2013)°.

The results of experimental studies were pro-
cessed using popular methods of mathematical
statistics and Microsoft Office Excel package
of mathematical programs for computing ma-
chines, as well as according to the manual on
biometrics for zootechnicians’.

Thanks to the results obtained, a unified re-
gional database has been created, which con-
tains information on quantitative and qualitative
indicators of dairy products and is used to assess
the breeding value of dairy herds being formed.

RESULTS AND DISCUSSION

In the process of research, milk samples were
taken from cows in OOO “Agrofirma Kholmog-
orskaya” of the Arkhangelsk region, which are
milked twice a day, in AO “Kholmogorsky Ple-
mzavod” — three times a day and in APC “Ni-
kolsk” — on four times a day milking. All data
of qualitative analysis of milk obtained during
control milking of cows were recognized as re-
liable.

Results of researches show that milk yield at
fourfold milking made 24,7 kg, at threefold —

Technical Regulations of the Customs Union " On safety of milk and dairy products " (TR CU 033/2013) (as amended through
December 19, 2019). URL: http://docs.cntd.ru/document/499050562 (accessed on 19.03.2024).

"Plokhinsky N.A. Manual on biometrics for zootechnicians. Moscow: Kolos, 1969, 256 p.
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28,8 kg, at twofold — 19,3 kg and had signif-
icant differences on quantity of milk received
in each session of milking. Thus, at fourfold
milking from the first to the fourth session the
distribution by sessions was — 44, 16, 19 and
21%, respectively, at twofold milking approxi-
mately the same — 49.7 and 50.3%, at threefold
milking — 49, 26 and 25%, respectively (see
Fig. 1-3).

The analysis showed that the deviations of
the specific weight of milk from the total dai-
ly milk yield obtained for the morning milking
session from controlled cows ranged from 12 to
75%, for the afternoon session from 9 to 50%
and for the evening session from 10 to 88%.

The table presents the experimental data
on the qualitative composition of milk, which
show changes in the values of indicators for
mass fraction of fat in the range of 2.67—4.85%
and for mass fraction of protein — 2.89-3.16%,
respectively.

In the course of the study, it was found that
at milking 3 times a day with a total milk yield
of 28.8 £ 0.41 kg, milk quality parameters of the
Kholmogor cows (in terms of 1% of milk) were
very high for MFF (3.95 + 0.05%) and signifi-
cantly lower for MFP (3.06 + 0.01%) compared
to the breed standard (3.30%). At the same time,
it was significantly (P > 0.999) found that milk
obtained during day milking was characterized
by the highest fat content (4.85 + 0.06), which
was significantly higher than the fat content of
milk during morning and evening milking by
1.49 and 0.71%, respectively. It was also found
that the mean milk protein content for the af-
ternoon milking was 0.03% (at P > 0.95) low-
er than the mean for the morning milking and
0.08% (at P > 0.999) lower than the mean for
the evening milking.

In case of double milking, no significant
fluctuations in MFF and MFP between ses-
sions were revealed. Cows milked 4 times a
day showed the most significant fluctuations in
milk quality parameters. Thus, at morning milk-
ing the percentage of fat in milk amounted to
2.67%, at afternoon milking it was 4.56%. On
the contrary, in the afternoon the protein content
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KoanuecTBeHHBIN U KaueCTBEHHBIM COCTAaB MOJIOKA IO CEaHCcaM JOCHUA

Quantitative and qualitative composition of milk by milking sessions

Milking session QuanF ity of Content
milk yield, kg fat, % protein, %

Two milking sessions
Morning 9,50 £ 0,06 3,63 £0,01%** 3,16 £ 0,01%**
Evening 9,63 +£ 0,06 3,60 = 0,01%** 3,13£0,01%**
;‘;ﬁfg'hour 19.13 0,12 3,61+ 0,01 3,14+ 0,01

Three milking sessions
Morning 14,1 £ 0,20 3,36 £ 0,07%** 3,05+ 0,01%*
Afternoon 7,5+0,15 4,85+ 0,06 3,02+0,01
Evening 72+0,15 4,14 £ 0,05%** 3,10 £ 0,01%**
II)‘:: a Zi-hour 28.8+ 041 3.95+ 0,05 3,06+ 0,01

Four milking sessions
Morning 10,84 £ 0,30 2,67 £0,07*** 3,07 £+ 0,04%**
Afternoon 3,96 £ 0,14 4,56 £ 0,11%** 2,89 +0,03%***
Afternoon 4,68 +£0,16 3,99 +£0,08 3,01 £0,04
Evening 5,25+0,17 3,42 £ (0,08%** 3,11 +£0,04%**
lljéﬁff -hour 2474+ 0,65 3,38+ 0,06 3,04 £ 0,03

Note. Confidence limits: *at P > 0,95, **at P > 0,99, ***at P > (,999.

in milk was minimal at 2.89% and maximum at
evening milking — 3,11%.

The obtained experimental data show how
great is the variation of milk quality character-
istics by milking sessions and depending on its
multiplicity.

According to the requirements for the reli-
ability of the results of cow milking control in
the conditions of breeding farms of the Arkhan-
gelsk region, the researchers of the ArkhNI-
ISKh and OOO RC "Plinor" have developed
and implemented an automated system to re-
cord the productivity of cows and determine the
food safety of raw milk as a raw material for its
industrial processing.

The system allows to automate the process
of milk productivity and milk quality recording
with the help of processing information from the
Bentley analytical system, as well as when us-
ing mobile devices for control milking. The au-
tomated system processes information from the
devices in real time, which makes it possible to
automatically monitor the dynamics of cow pro-

ductivity. The improved system is based on indi-
vidual recording of both quantitative and quali-
tative indicators of milk for each milking session
of a cow for a full control day and automated
recalculation of qualitative indicators for seven
positions through one-percent milk (see Fig. 4).

The advantages of the automated system of
selection control of milk quality using mobile
and WEB-applications, integrated with the soft-
ware for breeding and registered in the regis-
ter of Russian programs for computers and da-
tabases in the Ministry of Communications of
the Russian Federation, also include the use of
individual recording of quantitative and qual-
itative indicators of milk. It is performed for
each milking session in a separate test container
equipped with an RFID tag, which is read by a
barcode scanner of the analytical system Bent-
ley DairySpec Combi.

This results in the provision of:

— exchange of documents via Internet be-
tween the analytical laboratory and customer
farms;
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— reducing the influence of human factor on
the reliability of the obtained results of control
milking of cows;

— detection of animal diseases at early stages
of their development and control of their con-
dition by biochemical parameters of milk (ke-
toses, acidoses, mammitises);

—control of nutrition adequacy of dairy cows;

— increase in the number of automated re-
cord-keeping operations;

— automation of data collection and ex-
change;

— increasing the efficiency of work on prima-
ry zootechnical record keeping.

In the near future, an electronic database
of highly reliable data will be formed for the
conditions of the Arkhangelsk region in order
to further develop the algorithms of conversion
factors for the transition to a single sampling of
milk for the accounting day, according to the
international recording system ICAR. This will

contribute to improving the economic efficiency
of dairy cattle breeding in the region by making
management decisions on the basis of reliable
information on milk productivity of lactating
cows and confirmed pedigree value of the bulls
being used.

CONCLUSION

Improvement of the technological process of
selection control of milk quality allowed reveal-
ing the following:

— in controlled cows in milking sessions,
deviations of specific milk weight from total
daily milk yield were established: for morning
milking session — from 12 to 75%, for afternoon
milking session — from 9 to 50% and for eve-
ning milking session — ot 10 g0 88%;

— no significant fluctuations in the mass frac-
tion of fat and mass fraction of protein between
sessions were observed during double milking
of the Kholmogor cows;

“Plinor” Personal Account
Reports.

Mobile
device

Analytics

Milk quality selection
control laboratory

Milk samples

Puc. 4. Cxema aBTOMAaTU3NPOBAHHON CUCTEMBI yueTa

Fig. 4. The scheme of the automated accounting system
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— at three times milking with a total milk
yield of 28.8 + 0.41 kg with a mass fraction of
fat (in terms of 1% of milk) of 3.95 + 0.05%
between sessions, differences were found: milk
obtained during day milking was characterized
by a higher fat content (4.85 £ 0.06%) than
during morning and evening milking, by 1.49
and 0.71%, respectively.

Thus, the use of innovative technologies pro-
vides greater potential for assessing the breeding
value of cows, increasing productivity, improv-
ing milk quality and improving the efficiency of
utilization of available resources in agriculture.

It is important to continue research in this
area and invest in technology development to
increase agricultural sustainability and ensure
food security for our nation's people.
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